The sample of nominal composition Bi 1.6 Pb 0.4 Sr 2 Ca 2 Cu 3 O 10+δ was prepared by the solid-state reaction method and systematically studied for their magnetic properties. The phase identification/gross structural characteristics of synthesized (HTSC) materials explored through powder X-ray diffractometer reveals that all the samples crystallize in orthorhombic structure with lattice parameters a = 5.4054 Å, b = 5.4111 Å and c = 37.0642 Å. The critical transition temperature (T c ) measured by the standard four-probe method has been found to decrease from 108 K. The surface morphology investigated through scanning electron microscope and atomic force microscopy (SEM and AFM) results that voids and grains size increases of the Bi-2223 sample. The structural/microstructural characteristics (TEM) of Bi-based cuprate HTSC phase exhibit curious structural features including the occurrence of super lattice modulation along the b direction and c direction that have been observed. The presence of this streak reveals the presence of planar disorder representing faults in the stacking of CuO 2 planes. The variation of magnetization with temperature (M-T curve) of the same Bi-based HTSC materials was measured by cooling the sample in zero fields (ZFC) and an applied field of 0.05T (here after referred as FC).
Introduction
Bi-based ceramic superconductors with T c = 110 K may have important implications in various applications. The interest is mainly due to the great potential of this material for use in superconductor devices operated at liquid nitrogen temperatures. Bi 2 Sr 2 Ca n Cu n+1 O y ceramics (n = 0, 1 and 2 with 10, 85, 110 K transition temperatures, respectively) commonly have a multiphase structure. The most important problem in these systems is the difficulty of obtaining phasepure high T c (n = 2, 2223) materials.
A tremendous amount of work on the Bi-2223 system has been carried out since its discovery [1] . In recent investigations on the high-T c superconducting ceramics, the BSCCO system has received much attention because of its transition temperature and its high critical current density. Chemical doping, substitution, addition and diffusion with different elements at various amounts and adjusting the preparation condition play a very important role in high-T c superconductors [2] . It is well known that there are several phases in the BSCCO system. The composition of each phase is expressed by the general formula of (Bi, Pb) 2 Sr 2 Ca n−1 Cu n O x (n = 1, 2, 3) and T c of ∼20, 95 and 110 K, respectively. The phases are called Bi-2201, Bi-2212 and Bi-2223 for n = 1, 2, 3, respectively [3] . In these series, Bi-2223 is the most attractive because its superconducting transition temperature, T c , is the highest one, about 110 K. The system Bi-Sr-Ca-Cu-O contains non-toxic elements and its preparation is cheap, which makes it a very promising material for technical applications; however, it is rather difficult to obtain it in an isolated form since the Bi-2212 phase grows prior to the Bi-2223 phase during synthesis [4] . Despite extensive studies, the mechanism of the high-T c superconductivity remains unclear. Dopant may play an important role in the properties of high-temperature superconducting materials. The influence of dopant materials like Al, La, Sb, and Pb on the Bi-based superconductors has been reported by various authors [5] .
Many substitutions and dopings have also been used to improve formation and stability of the Bi-2223 phase. Lead (Pb) is the most important doping element that influences the microstructure, phase composition and the related superconducting properties of the BSCCO system. The presence of Pb in the initial mixture, usually as PbO, favors the reaction kinetics of the 110 K (Bi-2223) phase. The Pb addition results in the creation of a superconductivity solid solution Bi-2223 by partial substitution of bismuth (Bi) [5] [6] [7] .
Superconducting oxides are usually prepared by a solidstate reaction method which utilizes metal oxides and carbonates [8] . It has several disadvantages; inhomogenity, nonuniformity of particle size and shape, high impurity content, lack of reproducibility, high porosity of the sintered samples, and necessity of repeated processing and requirement of higher temperature for long period of sintering. Moreover, residual carbon decreases the critical current density, which is a key parameter for application of superconductor and also enhances the formation of the nonsuperconducting phases [9] . Several solution methods, such as the sol-gel method [10, 11] , the citrate process [12, 13] and spray pyrolysis have been developed to overcome these problems. However, it was almost impossible to obtain gels from the solution of bismuth salt and thus the high-T c phase due to its poor solubility and large difference in the solubility of the metal salts.
In this study, we have investigated the effects of Pb substitution in Bi sites in Bi-2223 superconductors. We have discussed the results of electrical-resistivity measurement (R-T), X-ray diffraction analysis (XRD), Scanning electron microscopy (SEM), Atomic force microscopy (AFM), Transmission electron microscopy (TEM) and magnetic properties measurement.
Experimental Details
Bi 1.6 Pb 0.4 Sr 2 Ca 2 Cu 3 O 10+δ (Bi, Pb)-2223 samples were prepared by a conventional solid-state reaction method. In brief, the powders of high grade purity Bi 2 O 3 (99.99%, Alfa Aesar), PbO (99.99%, Alfa Aesar), SrCO 3 (99.9%, Alfa Aesar), CaCO 3 (99.9%, Alfa Aesar) and CuO (99.99%, Alfa Aesar) were mixed and ground in an agate mortar pestle, put in cylindrical boats and calcined at 810 • C for 24 hrs in air. After that it was mixed and pressed into pellets. Finally, the pellets (samples) were sintered at 848 • C for 34 hrs and slowly furnace cooled to room temperature. The homogeneous powder thus formed was converted into the form of pellets before sintering. For this we employed the most widely used technique i.e. dry pressing, which consists of filling a die with powder and pressing at 400 Kg/cm 2 into a The surface morphology and corresponding EDAX pattern in same regions are shown in Figs. 3 (a and b) at a typical operating voltage of 20 kV with resolution limit of 3.5 nm. The surface morphology i.e. pores, voids, size of grains, their orientation etc. are varying, however, the resulting average cationic compositions of pellets were found in 2:2:2:3 ratio in almost each region. The SEM micrograph of Bi-2223 in same region, yields a highly uniform microstructure, randomly oriented grains (crystallites) and small porosity. In this region, the porosity decreases i.e. the connection of grains was more compact in Bi-2223 sample. The two-dimensional AFM image appears as a nanosphere like structure on the surface as shown in Fig. 4(a) . The most pronounced difference in the two layers of oxide is around 37.673 nm. It is noted that fluctuation in the scan profile in the upper layer as well as in the lower layer is due to changes from one grain to another grain of the oxides. Figure 5(a) shows the three-dimensional (3D) view of the same surface. The formation of the humps in some places could be clearly seen, which is due to formation of an oxide layer with different thickness depending on the chemical composition of phases. Figure 5 (b) corresponds to the three-dimensional phases and the other two matrices and line traces were used to determine the difference between superconducting layers i.e. the radius profile curve.
Results and Discussions
The temperature dependence of electrical resistance for Bi-2223 is shown in Fig. 6(a) . The transition temperature (T c ) was found ∼108 K for Bi-2223. This is possibly due to the fact that singular Bi-2223 phase could not be synthesized in the present investigation. The phase control in Bi-based superconductors is complicated in comparison to other cuprates. It has been found that when a Bi-2223 phase is annealed in the presence of oxygen, the amount of Bi-2223 compound decreases with time. As discussed above, the impurity phases have been increased during the formation of Bi-2223 phase, which enhanced the transition width ( T c ) in this phase. The synthesis process, the sintering time and temperature influence the transition temperature and transition width of the superconducting material and the formation of a single-phase material. For the best samples of Bi-2223, the transition temperature (T c ) was also measured under varying magnetic field (zero to 8 tesla) in the cooling and warming conditions. The variations transition temperatures of the above samples with magnetic fields are shown in Fig. 6(b) . It may be inferred from Fig. 6(b) that the transition temperature decreases as the magnetic fields increases.
Some of the typical transmission electron micrographs, corresponding selected area electron diffraction (SAED) patterns and the high-resolution electron microscopic image (lattice fringes) of some local regions of Bi-2223 samples are shown in Fig. 7(a) and (b) . The indexing of SAED reveals clearly the existence of Bi-2223 phases. An important microstructural/structural characteristic found in all of the double and triple CuO 2 layer Bi-bearing HTSC compounds is the presence of weak super lattice reflections in the selected area electron diffraction patterns. One of the representative [100] selected area electron diffraction patterns from crystallites of Bi-2223 showing the super lattice reflections is given in Fig. 7(a) and (b) . It can be seen that in addition to the spots along the c * axis bringing out the presence of Bi-2223 HTSC phase, the diffraction spots along b * (a * ) are also present. These spots unravel the presence of lattice modulation along the b-direction. Figure 8 shows the variation of magnetization with temperature (M-T curves) of Bi-based HTSC materials mea- Figure (a and b) shows the temperature dependence of the electrical resistance for Bi-2223 system with varying magnetic fields (0 to 8 Tesla) sured by cooling the sample in zero fields (ZFC) and applied field of 0.05 T) (here after referred to as FC). The transition temperature 'T c ' and the melting point 'T m ' of pected, the Bi-2223 sample exhibits diamagnetic behavior. Figure 8 shows the zero-field-cooled (ZFC) and field-cooled (FC) curves of the Bi-2223 sample after final sintering at 848 • C. One can notice an increase of T c up to 102 K, which is close to the maximum T c of 108 K expected of the optimum of Bi-2223 system. The width of the superconducting phase transition is narrower, suggesting the investigated Bi-2223 sample to be uniform.
Conclusions
Lattice parameters determined from the XRD peaks were a = 5.4054 Å, b = 5.4111 Å and c = 37.0642 Å for Bi-2223. The surface morphology i.e. pores, voids, size of grains, and their orientation etc. are varying, however, the resulting average cationic compositions of pellets were found in 2:2:2:3 ratios in almost each region. The two-dimensional AFM image appears as a nanosphere like structure on the surface and the most pronounced difference in the two layers of oxide is around 37.673 nm. The transition temperature (T c ) was found ∼108 K for Bi-2223. An important microstructural/structural characteristic found in all of the double and triple CuO 2 layer Bi-bearing HTSC compounds is the presence of weak super lattice reflections in the selected area electron diffraction patterns. The ZFC and FC curves of the Bi-2223 sample are found after final sintering at 848 • C.
